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AN IR GAS ANALYSER WINDOW AND A METHOD. OF PRODUCING SUCH A 
WINDOW 

The present .invention relates' . to an • Ijl gas analyser window 
for particular use with an adapter .of an IR gas analyser for 
the analysis of respiratory gaises. The invention also relates 
to a particular method of producing' such a window. 

Main flow measuring gas analysers calculate the composition 
of the respiratory gases of a patient, by sending infrared 
light through the respiratory tract of the patient and 
therewith measuring the absorption of said light at chosen 
wavelengths. For the sake of accuracy, main flow measuring 
gas analysers are placed as close as possible to the pa- 
15 tient's mouth. 

In order to enhance the efficiency of such respiratory gas 
measuring processes, there has recently been adopted the use 
of adapters that are inserted in the respiratory circuit and 
20 through which the respiratory gases are allowed to pass, 

r 

while, at the same time, coupling a measuring instrument to 
the adapter for registering the gases that pass therethrough. 



25 



30 



A gas analyser adapter is known from, for instance, the In- 
ternational Patent Application PCT/SE02/01528 (Piiblication 
No. WO 03/017837) . This adapter is intended for co-action 
with a measuring head known from the International Patent 
Application PCT/SE02/01946 (Publication No. WO 03/060490) . 
The adapter includes a window which constitutes a delimita- 
tion of a gas passageway through which the gas to be analysed 
flows, and the analysis is effected by sending a beam of 
infrared light through a window on one side of the gas pas- 
sageway and further through the gas present in said passage- 
way, and through a corresponding window on the other side of 
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the gas passageway, where, said beam is received by an IR 
detector. 



Similar adapters are known, for instance, from U.S. Patent 
Specifications 5,616,923; 6,095,986; 6,216,692; and 
6,258, 040 . 

A particular problem that has been observed in respect of the 
aforesaid types of adapter resides in the moisture deposits 
that can occur on the inside of the adapter walls. These 
deposits are due to the fact that the respiratory gases con- 
tain a great deal of moisture and because the moisture con- 
tained condenses inside the adapter due to the difference in 
temperature between the respiratory gas present in the 
adapter and the considerably colder ambient air on the out- 
side of the adapter, wherein said moisture is deposited in 
water droplet form, inter alia on the windows in the adapter. 

The windows through which the IR rays shall pass have been 
found to be a problematic source in those adapters of the 
aforesaid kind known hitherto. The requirements that should 
preferably be placed generally on the windows included in 
adapters of the aforesaid kind are: 

- That the windows shall allow IR rays to pass through in 
the desired wavelength range. 

- That the windows shall positively eliminate any condensa- 
tion problems emanating from the gases in the respiratory 
circuit . 

- That the windows shall not be deformed by mechanical ac- 
tion or as a result of pressure changes in the respiratory 
circuit . 

- That surface collection of liquid shall be counteracted. 

- That the windows can be mounted in the adapter in a gas- 
tight manner. 
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- That the windows have a low production cost. 

- That it shall be possible to tnoxint the windows in the 
adapter in a simple and inexpensive manner. 

The following problems have been observed among the various 
solutions proposed with regard to window designs: 

- Traditional gas windows are expensive and often need to be 
heated in order to avoid moisture deposits. Heating has 
the additional disadvantage of utilising power and also 
lengthens the time before which the sensor can begin to be 
used. Heating also results in different material composi- 
tions that make recovery of the adapters used difficult to 
achieve . 

- Foils that are sufficiently strong mechanically normally 
have a poor transmission capacity in high wavelength re- 
gions. It has also been found difficult to flatten foil, 
therewith requiring some form of stretching or tensioning 
means, which, in turn, renders the elements twist respon- 
sive. Normally, additional fastener elements are required 
to mount the foils flush with the inner wall, so as to 
prevent the formation of pockets that are able to collect 
liquid around the window. It is often also necessary to 
glue these additional fastener elements, in order to ob- 
tain a secure and tight fastening. 

- The different component parts and the mounting steps in- 
volved make manufacture of the product expensive. As men- 
tioned above, the use of different materials also results 
in recovery problems. 

■ 

Accordingly, the object of the present invention is to pro- 
vide a novel window for gas analysers of the aforesaid kind 
with which the above described problems and drawbacks associ- 
ated with windows of this kind known hitherto are avoided. 
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This Object of the invention is achieved with a window of the 
aforesaid kind which is formed in one piece from a plastic 
material and which has a round basic shape with a surrounding 
or peripheral edge and a central part which is sunken in 
relation to said edge and which forms the window through 
which the IR rays shall be able to pass. 

According to one preferred embodiment, the central part of 
said window is arched somewhat away from the surrounding 
edge . 

According to another preferred embodiment of the invention, 
the window is comprised of a plastic material of the same 
kind as that used for the adapter in which the window shall 
be moiinted. 

According to another preferred embodiment of the invention, 
the window is designed to enable it to be fastened in the 
adapter by means of gluing, ultrasound welding or heat weld- 
ing. 

The aforesaid window design solution provides a window of 
particular construction suitable for injection moulding. 
However, it has not earlier been possible to injection mould 
such a window of sufficient thinness, about 80-90 ^im, and 
uniform material thickness in that part of the window through 
which the major part of the IR rays shall pass. Traditional 
injection moulding methods easily result in deficient level- 
ling of the thin section, which has limited the minimum 
thickness to about 250-300 ^m. Other production methods, such 
as die embossing enable the thickness to be brought down to 
about 150-200 ^im. However, in order to achieve satisfactory 
transmission properties, it is necessary for the thin section 
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of the window thickness to be at most 90 ^m. Accordingly, a 
further object of the present invention is to provide' a 
method of producing such a window. 

This further object of the invention is achieved by a window 
manufacturing method in which the window is formed by injec- 
tion moulding a thermoplastic material in a mould where said 
plastic material is injected into the mould centrally in the 
middle of the ultimate or forthcoming window. 

According to one preferred embodiment of said inventive 
method, a surface tension modifying substance is admixed with 
the plastic material prior to the injection moulding process. 

According to another preferred embodiment of the inventive 
method, injection moulding is carried out in a preheated 
mould tool. 



The invention will now be described in more detail with ref- 
erence to a pair of non-limiting embodiments illustrated in 
the accompanying drawings, of which Fig. l illustrates the 
IR-absorption spectrum of different gases measured by a gas 
analyser, more specifically in Fig. la the IR-absorption 
spectrum for CO^ and N^O, in Fig. lb the IR-absorption spec- 
trum for anaesthetic gases, and in Fig. ic the IR-absorption 
spectrum for separate anaesthetic gases in the wavelength 
region of 8-9.5 ^m; Fig. 2 is a principle illustration of a 
patient breathing via a gas analyser; Fig. 3a is a perspec- 
tive view of a gas analyser adapter; Fig. 3b is a longitudi- 
nal perspective view of an adapter according to Fig. 3a; Pig. 
3c is a perspective longitudinal sectioned view of an adapter 
according to Fig. 3a with water droplets (mist) inside the 
adapter; Fig. 4a illustrates schematically the path of the 
rays in respect of a water droplet of larger contact angle 
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Pig. 4b illustrates a corresponding ray or beam path in the 
case of a water droplet of slightly smaller contact angle; 
Pig. 5a is a longitudinally sectioned view of a gas analyser 
adapter for a window constructed in accordance with the in- 
vention; Fig. 5b illustrates part of the longitudinal section 
shown in Fig. 5a in larger scale, namely the parts of a cen- 
tre section of the adapter that includes windows according to 
the present invention; Fig. 6 is a cross -sectional view of an 
inventive window, shown in a much larger scale; Fig. 7 illus- 
trates part of an injection moulding nozzle and a window, 
both in cross-section, in the manufacture of the window; and 
Pig. 8 is a schematic illustration of the course taken in 
moulding of the window in accordance with the inventive 
method . 



AS before mentioned. Fig. i illustrates IR light absorption 
spectra in respect of the analysis of respiratory gases with 
the aid of an IR gas analyser. As will be seen from Fig. la, 
the absorption spectra of CO, and N^O lie in the region of 4- 
4.5 ^im, which is the region in which windows used hitherto 
exhibit good transmittance. In distinction, the windows used 
hitherto have poor transmittance in the region of 8-10 ixm, 
which, as evident from Fig. lb, is the region where the best 
absorption peaks for anaesthesia gases are found. Fig. ic 
illustrates more specifically the absorption spectrum of the 
most common anaesthesia gases, from which it will be clearly 
seen that these absorption spectra are mainly found in the 
region of 8-9.5 ^m. Accordingly, an object of the present 
invention has been the provision of a window which will pro- 
vide good transmittance also at these wavelengths of the 
infrared light. 
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Fig. 2 illustrates the general principle of how respiratory 
gases to/from a patient are analysed. The patient 1 breathes 
via a hose 2 which is connected to an adapter 3. Connected to 
the adapter 3 are respirator hoses 4 that are responsible for 
the supply of air/breathing gas to/from the patient 1. The 
adapter 3 is fitted with a measuring head 5, for instance of 
the kind described in the aforesaid PCT/SE02/ 01946, said 
measuring head 5 containing electronics for the emission of 
infrared light and the analysis of the infrared light re- 
ceived, and is connected to a signal cable 6 for conducting 
the results to a registration/ indicating device, for instance 
a personal computer. The adapter 3 includes the windows that 
are the siibject of the present invention and through which 
the infrared light passes in the measuring head 5. 

As will be evident from Fig. 3a, the adapter 3 has two ends 
3' and 3" that carry respective connections for the patient 
hose 2 and the respirator hose 4. The adapter also includes a 
centre part 7 to which the measuring head 5 can be fitted and 
in which the inventive windows 8 are provided. Extending 
through the adapter is a through-penetrating passageway 9 
that leads the breathing gases from the patient hose 2 to the 
respirator hose 4, and vice versa. Two windows 8 are disposed 
opposite one another in the centre part 7, so that IR rays 
sent through one window 8 by the measuring head 5 will pass 
through the passageway 9 containing the breathing gases and 
out through the other window 8 on the other side of the cen- 
tre part 7. Fig. 3b illustrates the ideal case in which no 
water droplets precipitate in the passageway 9, whereas Fig. 
3c illustrates the case in which water droplets 10 precipi- 
tate in the passageway 9 and also settle on the inner surface 
of the window 8 . 



wo 2004/096043 



8 



PCT/SE2004/000617 



The problems caused by water droplets that settle on the 
inner surface of the window 8 will be described with the aid 
of Fig. 4. If no measures to prevent /reduce the build-up of 
water droplets on the inside of window 8 a large water drop- 
let 10 forms on the inside of said window, as illustrated in 
Fig. 4a, and a relatively large contact angle will be ob- 
tained between the window 8 and the water droplet 10, result- 
ing in a relatively large angle of incidence of an incident 
ray on the surface of said droplet, with the subsequent re- 
flection of the entire ray. This thus prevents the infrared 
light ray from passing through the through-penetrating pas- 
sageway in the adapter, therewith making it impossible to 
effect any measurement. On the other hand, if measures have 
been taken to prevent /reduce the foarmation of water droplets 
on the inside of the window, as in the Fig. 4b illustration, 
the contact angle between the window 8 and the water droplet 
10 will be relatively small, wherewith the angle of incidence 
of an incident ray against the surface of the water droplet 
will also be relatively small and the ray is able to pass the 
surface of said droplet 10 with only small refraction and 
pass through the through-penetrating passageway containing 
the gas to be analysed, and consequently exit through the 
window on the opposite side of the passageway and allow the 
gas to be measured and analysed. 

Purely technically, the formation of droplets on the inside 
of a plastic window is explained by the difference in surface 
tension between the plastic surface and the water. Tradi- 
tional polyolefins are highly hydrophobic, wherein the drop- 
lets that form obtain a large contact angle. The difference 
in surface tension between the plastic surface and the water 
can be eliminated by adding a surface tension modifying 
agent, wherewith the contact angle is reduced towards zero 
and the water is dispersed as a uniform film over the plastic 
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surface. In order for a surface tension modifying s\abstance 
to function, it must be present on the surface of the polymer 
and also be at least slightly soluble in water. Those surface 
tension modifying agents used have this property and function 
so that the surface tension modifying substance present in 
the polymer migrates towards the plastic surface where said 
sxjbstance decreases on the actual surface by dissolving in 
the water present on said surface, therewith achieving auto- 
matic replenishment of the surface tension modifying sub- 
stance so that a generally constant proportion of said sub- 
stance is on hand on the plastic surface. Typical concentra- 
tions of such surface tension modifying substances are 1-3%. 

Fig. 5a is a longitudinally sectioned view of an adapter 3 
which includes an inventive window in two mutually opposing 
walls of the centre part 7 of the adapter. Fig. 5b illus- 
trates a portion of the adapter centre part 7, more particu- 
larly the portion in which the windows are disposed in the 
walls of said centre part 7, whereas Fig. 6 illustrates a 
window 8 in larger scale . 

In accordance with the invention, the window 8 is formed as a 
one-piece structure from plastic material and has a round 
basic shape, so as to simplify manufacture and mounting of 
the window. The window has a surrounding outer edge 8" and a 
central part 8' which is sunken in relation to the edge 8" 
and which constitutes the translucent part of the window. The 
central part 8' will preferably have a size of about 80-90 
iJ.m, so as to provide good transmission throughout the entire 
desired wavelength range of 4-io jim. The surrovmding edge 8" 
is suitably several times thicker than the central part 8', 
e.g. with a thickness of about 1 mm, partly to provide a 
stable window and partly to facilitate handling of the window 
8 when fitting the same to an adapter 3. The central part 8' 
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Of the window is also suitably caused to arch slightly away 
from the surrounding outer edge 8", so as to allow moisture 
collecting on the window to run off more easily. The window 
will conveniently have a gradual transition from the thicker 
surrounding edge 8" towards the thinner central part 8'. This 
results in a stronger window, which is also easier to injec- 
tion mould. 



As will be seen from Pig. 5b, the window 8 is mounted on the 
centre part 7 of the adapter wall, wherein the centre part 7 
is given in manufacture an opening that includes a ledge 
which facilitates fitting of the window 8. The window 8 and 
the wall opening are conveniently dimensioned so that the 
centre part 8' of the window will lie generally flush with 
the inner wall surface 7' of the centre part, such as to 
avoid the formation of liquid-collecting pockets between the 
window 8 and the inner wall surface 1' or to avoid the occur- 
rence of turbulent flows in the through-penetrating passage- 
way 9. When the central part 8' of the window is also arched 
so as to bulge slightly into the passageway, i.e. slightly 
beyond the surface of the inner wall surface 7', the runoff 
of any moisture on the window is also facilitated. 

The window 8 is suitably made of a polyolefin, which can be 
readily injection moulded, for instance a polyethylene and 
then preferably an HD polyethylene. The adapter 3 itself may 
consist of an injection moulded polyolefin therewith con- 
structing the adapter as a whole, including the window, of 
one and the same material, which facilitates recovery of the 
material and constitutes good material selection from an 
environmental aspect . 

The runoff of water from the window 8 can be facilitated by 
conveniently treating the window with a surface tension modi- 
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fying substance that will prevent the build-up of large water 
droplets, such as the droplets shown in Fig. 4a, on the in- 
side of the window. A surface tension modifying substance may 
conveniently be included in the material from which the win- 
dow is made, so as to avoid the need of further treating the 
window subsequent to its manufacture . 

A window 8 of the af oredescribed design can be readily fas- 
tened in the adapter, for instance by gluing or preferably by 
ultrasound or heat welding. 

As before mentioned, an inventive window is suitably produced 
by injection moulding. Traditional injection moulding of such 
a product, using an ingate or a sprue at one end of the 
mould, can easily result in deficient spread or levelling of 
that part of the window that shall form the central part 8' 
thereof, since the spacing between the two mould halves would 
be very small when the product shall have a thickness solely 
in the order of 80-90 ^m. This would result in a large number 
of scrapped windows that are perforated or uneven in the 
central part of the window. 

Accordingly, the invention also relates to a particular 
method of producing a window according to the invention. 
According to the method, the window is injection moulded from 
a thermoplastic substance in a mould where said substance is 
injected centrally into the centre of the mould, i.e. in the 
centre of the ultimate or forthcoming window. This is illus- 
trated schematically in Fig. 7, which shows a window 8 ac- 
cording to the invention and a part of the injection moulding 
nozzle 11 used to inject the thermoplastic material into the 
mould. The mould itself has been excluded from the figure, 
since the mould has no great importance with regard to the 
invention. Fig. 8 illustrates schematically how the injected 



wo 2004/096043 



12 



PCT/SE2004/000617 



thermoplastic material flows centrally in towards the centre 
of the bottom of the ultimate window 8, as indicated by the 
arrow 12. As indicated by the arrows 13, the plastic material 
then flows radially outwards to form the central part 8' of 
the window 8, and then outwards in the direction of the ar- 
rows 14 towards the surroimding edge 8". The injection mould 
also includes air vents 15, which extend from that part of 
the mould forming the surrounding edge 8" and through which 
air can be evacuated from the mould cavity. 

In order to prevent the injected thermoplastic material from 
solidifying in that part of the mould in which the central 
window part 8' shall be formed, the mould is suitably heated 
so that the plastic material will flow out more easily and 
also fill that part of the mould that shall form the sur- 
rounding edge. Preheating of the mould is suitably controlled 
so that, during the injection process, the temperature will 
be at its highest in the central part of the mould cavity and 
then decrease gradually towards the outer part of the mould 
cavity. 



The volume of air enclosed in the mould cavity can be evacu- 
ated through the radially extending air vents 15, as indi- 
cated by the arrows 16. 



In the case of injection moulding of precision elements, such 
as the inventive windows, it is essential that the tempera- 
ture of the mould cavity and the ingate or sprue can be con- 
trolled very accurately during the injection process. A tem- 
perature which is too low will result in incomplete filling 
of the thin central section, whereas a temperature that is 
too high can result in burning of the plastic material. Prac- 
tical tests have shown that a mould cavity temperature of 
about 80°C and a sprue temperature of about 120°C are suitable 
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temperature magnitudes. In these tests, there was produced a 
window that had a diameter of 10 mm and a thickness of 80 ^m 
in its centre section, while using a sprue of 0.25 mm in 
diameter. The three radially extending air vents had a width 
of 0.6 mm, a thickness of 15 |j.m and a length of 1.6 mm. 

With the intention of effectively producing a product that 
preferably includes a surface tension modifying substance on 
its surface, it is also proposed in accordance with the pre- 
sent invention that such a substance is mixed with a granu- 
lated plastic material prior to injection moulding of the 
window, and to mould the window with said substance admixed 
with said granular plastic material. 



15 Polyolefins, preferably an HD • polyethylene have been pre- 
ferred as the material used for injection moulding the window 
in accordance with the invention. A suitable surface tension 
modifying substance that has been found to function in admix- 
ture with the plastic granulate and for injection moulding in 

20 accordance with the inventive method are sorbitol esters and 
glycerol monooleates, for instance. 

It will be understood that materials other than those men- 
tioned in the aforegoing can also be used, provided that 
25 these materials have similar properties than the mentioned 
materials and are able to provide corresponding end products. 



